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We investigate a six-species class of May-Leonard models leading to formation two types of com-
peting spatial domains, each one inhabited by three-species with their own internal cyclic rock-
paper-scissors dynamics. We study the resulting population dynamics using stochastic numerical
simulations in two-dimensional space. We find that as three-species domains shrink, there is an
increasing probability of extinction of two of the species inhabiting the domain, with the consequent
creation of one-species domains. We determine the critical initial radius beyond which these one-
species spatial domains are expected to expand. We further show that a transient scaling regime,
with a slower average growth rate of the characteristic length scale L of the spatial domains with
time t, takes place before the transition to a standard L ∝ t1/2 scaling law, resulting in an extended
period of coexistence.
I. INTRODUCTION
There is ample evidence that non-hierarchical interac-
tions between individuals of different species play a cru-
cial role in the development and preservation of biodiver-
sity. Predation, reproduction, and mobility interactions
are ubiquitous in nature and constitute a crucial ingredi-
ent of most competition models, many of then inspired in
the pioneering work by Lotka and Volterra, and May and
Leonard [1–3]. The so-called rock-paper-scissors model
considers three species which cyclically dominate each
other [4, 5] (see [6–10] for models with additional inter-
actions). Despite its simplicity, it has been successful in
reproducing crucial dynamical features of some biological
systems composed of three species with cyclic selection
interactions [4, 11, 12] (see [13, 14] for recent reviews).
In [15, 16], a broad family of spatial stochastic May-
Leonard models with an arbitrary number of species has
been introduced, thus generalizing the standard rock-
paper-scissors model (see also [17–21]). Some of these
models were shown to give rise to complex spatial struc-
tures, which may include spirals with an arbitrary num-
ber of arms [16], interfaces (which may themselves de-
velop a non-trivial internal dynamics [22–24]) and strings
with or without junctions [25, 26]. On the other hand,
the scaling laws governing the dynamics of such systems
may also be very diverse [16, 23] (see also [27–29] for a
discussion of the role of partnerships in the coexistence
of biological systems).
In this paper we consider the population dynamics, in
two spatial dimensions, for a particular 6-species sub-
class of the more general family of May-Leonard models
with an arbitrary number of species introduced in [15,
16]. We shall investigate in detail a particular property
of this sub-class of models associated with the formation
of single-species spatial domains during the final stages
of the collapse of three-species spatial domains, and their
subsequent growth if their initial size is above a certain
critical radius. The potential impact on the scaling law
describing the time evolution of the characteristic length
scale of the spatial domains will also be investigated.
The outline of this paper is as follows. In Sec. II we
introduce the class of models investigated in the present
paper. The results of a spatial stochastic numerical simu-
lation of the corresponding population dynamics are pre-
sented and analysed in Sec. III. In Sec. IV we investigate,
both analytically and numerically, a novel feature present
in these simulations: the expansion spatial domains oc-
cupied by a single species. In particular, a critical initial
radius, beyond which spherically symmetric spatial do-
mains are expected to expand, is determined using spa-
tial stochastic numerical simulations, and the result is
compared with the analytical expectations. The impact
of the expansion of single-species spatial domains on the
evolution of the population is studied in Sec. V, with a
particular emphasis on the scaling of the characteristic
length scale with time. Finally we conclude in Sec. VI.
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Figure 1: Predation rules in our model: bidirectional preda-
tion (solid arrows) and cyclic predation (dashed arrows). The
predation interaction probability of species i with species i±1,
and i ± 3 is equal to p (solid arrows). The predation inter-
action probability of species i with species i + 2 is equal to
pPRS (dashed arrows). Except for the labelling of the dif-
ferent species, this figure is invariant under rotation by an
angle of 2 k pi/6, where k is an integer, thus leading to a Z6
symmetry.
II. MODELS
In this paper we shall consider a particular sub-class of
the more general family of May-Leonard models with an
arbitrary number of species (N) introduced in [15, 16]. In
these models individuals of various species are distributed
on a square lattice with N sites and periodic boundary
conditions. Each site may be either empty or occupied by
a single individual. The different species are labelled by
the number i (or j), with i, j = 1, ..., N , and empty sites
shall be denoted by ⊗. The number of individuals of the
species i will be denoted by Ii and the number of empty
sites by I⊗. The possible interactions are: predation
i j → i ⊗ ,
mobility
i  →  i ,
and reproduction
i ⊗ → ii ,
where  represents either an individual of any species or
an empty space.
Here, we shall consider models with 6 species (N = 6).
The mobility and reproduction interactions occur with
probabilities m, and r, respectively (the same for all
species), and the predation probability may be either p or
pRPS according to the scheme presented in Fig. 1 (solid
black and dashed orange arrows represent the predation
interaction probabilities p and pRPS , respectively). Note
that the mobility, reproduction, and predation probabili-
ties are assumed to be independent of the position of the
individuals in the simulation box. When labelling the
species we use modular arithmetic, where numbers wrap
around upon reaching 1 or N (the numbers i and j repre-
sent the same species whenever i = jmodN , where mod
denotes the modulo operation). Except for the labelling
of the different species, Fig. 1 is invariant under rotation
by an angle of 2 k pi/6, where k is an integer, thus leading
to a Z6 symmetry.
In our model, at each simulation step, the algorithm
randomly selects an occupied site to be the active one,
randomly chooses one of its four neighbour sites to be
the passive one, and randomly picks an interaction to be
executed by the individual at the active position — in
this paper we use the von Neumann neighbourhood (or
4-neighbourhood) composed of a central cell (the active
one) and its four non-diagonal adjacent cells. If the inter-
action cannot be performed (for example, if the passive
is an empty site and a predation interaction is picked),
the three steps are repeated until a possible interaction
is selected. N successive interactions are completed in
one generation time (our time unit).
III. POPULATION DYNAMICS
In this section we shall consider the results of a spa-
tial stochastic numerical simulation with random initial
conditions, where at each site an individual of any of
the 6 species or an empty site was selected with a uni-
form discrete probability of 1/7 at the beginning of the
simulation. Figure 2 presents results obtained from a
single realization of a 20002 lattice numerical simulation
of our model assuming p = 0.25, pPRS = p, m = 0.5,
r = 0.25. The upper and lower panels show snapshots of
the spatial patterns at various instants of time: t0 = 0,
t1 = 16600, t2 = 37555, t3 = 55420, t4 = 89870,
t5 = 97360, t6 = 103784, t7 = 197600, t8 = 211161,
and t9 = 215000. The central panel shows the density of
the different species
ρi = Ii/N , (1)
for the entire timespan of the simulation: ∆t = 250000.
The arrows highlight the instants of time corresponding
to the snapshots shown in the lower and upper panels,
and the colors follow the scheme depicted in Fig. 1. The
video in [30] shows the evolution of the spatial patterns
for the entire timespan of the simulation.
The snapshot at t = t0 = 0 depicts the random initial
conditions. After an initial stage, essentially two types
of spatial domains appear — a spatial domain being de-
fined as a connected spatial patch dominated by individ-
uals belonging to a single partnership (either {1, 3, 5} or
{2, 4, 6}). This occurs because mutual predation takes
place between the groups of species
{1, 3, 5}, {2, 4, 6} .
As a result, two enemy partnerships are formed, as shown
in the snapshot taken at t1. Two different species are
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Figure 2: The upper and lower panels show snapshots of the spatial distribution of the different species on the 20002 lattice
at various moments for one single realization of our model (with p = 0.25, pPRS = p, m = 0.5, r = 0.25), whereas the central
panel shows the fractional density of the different species ρi for the entire timespan of the simulation. The arrows highlight the
instants of time corresponding to the snapshots indicated in the lower and upper panels.
said to be enemies if they have bidirectional predation
interactions between them — the species connected by
double-headed arrows in Fig. 1. The two groups of
species {1, 3, 5} and {2, 4, 6} shall be referred to as enemy
partnerships in the remainder of the paper.
However, partners do not live peacefully within the
spatial domains. On the contrary, they interact with a
cyclic predation rule (dashed lines of Fig. 1), creat-
ing a local rock-paper-scissors dynamics. Although spiral
waves travel across the spatial domains, they do not cross
the boundaries due to the mutual predation between the
members of distinct partnerships. The dynamics of the
interfaces between three-species spatial domains is curva-
ture dominated, as described in detail in [15], with their
velocity being roughly proportional to their curvature.
However, Fig. 2 shows that the extinction of one of the
species in the final stages of the collapse of three-species
spatial domains can lead to the formation of spatial do-
mains occupied by a single species, which may then be
able to expand. For example, the snapshots taken at
t = t1 and t = t2 depict small single-species spatial do-
mains of individuals of species 6 and 2, respectively (note
that no single-species spatial domain is present in the
snapshot taken at t = t3).
In general, outside a single-species spatial domain, in-
dividuals have to deal with a cyclic predation among
partners besides competing with the enemy partnership.
As a consequence, individuals from the single-species spa-
tial domain may have the chance of invading the enemy
partnership. This is responsible for the expansion of the
single-species spatial domains, as shown in the snapshots
taken at t = t4 and t = t5 (we shall quantify, in the fol-
lowing section, the condition for a spherically symmetric
single-species spatial domain to be able to expand). As a
single-species spatial domain grows larger, it may reach
regions occupied by individuals of their original partner-
ship. When this happens it is immediately invaded by
a spiral wave front, as depicted in the snapshot taken at
t = t6. The encroaching then causes the disappearance of
the single-species spatial domain and, consequently, the
decrease of the density of the corresponding species.
In summary, the three main factors affecting the dy-
namics are: I. the curvature dominated dynamics of in-
terfaces separating spatial domains with three-species
enemy partnerships; II. the spiral wave fronts inside
the spatial domains and the interference between them,
which play a crucial role in the creation of small spatial
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Figure 3: The initial stage of the single simulation presented in Fig. 2. The four snapshots show the spatial distribution of the
individuals at the instants of time indicated in the figure. As in Fig. 2, the solid lines represent the evolution of the density of
individuals of the different species as a function of time.
domains occupied by a single species; III. the growth of
one-species spatial domains, if their initial size is large
enough.
For large t, the characteristic size L of the spatial do-
mains increases and, as a consequence, the rate of forma-
tion of single-species spatial domains decreases (a rigor-
ous definition of L will be given in Sec. V). However, once
they emerge, they have room to expand further on the
grid. As shown in the snapshots taken at t = t5, t = t6
and t = t8, these single-species spatial domains can then
grow to become with a characteristic size L comparable
to the one of the three-species spatial domains. The vast
territorial invasion of single-species areas for large t leads
to an increasingly abrupt variation of the densities shown
in the central panel of Fig. 2.
On the other hand, for small t the average size of the
spatial domains is tiny and single-species spatial domains
are present throughout the whole lattice. Figure 3 de-
picts the initial stage of the single simulation shown in
Fig. 2. As in Fig. 2, the solid lines represent the evolu-
tion of the density of individuals of the different species
as a function of time. The snapshots, taken after 1000,
2000, 3000, and 4000 generations, show a fast decrease
of the number of single-species spatial domains.
The larger three-species spatial domains are, the longer
they take to collapse (the collapse time tc being roughly
proportional to their initial area tc ∝ L2 for a curvature
dominated evolution [15]). Hence, one expects the num-
ber of collapses per unit area per unit time to scale with
1/(L2tc) ∝ L−4, which is roughly consistent with our
numerical results. Since, one-species spatial domains are
formed at the end stages of collapse of three-species spa-
tial domains, the number of one-species domains formed
per unit time per unit volume is also roughly proportional
to L−5. This rough estimate implies that the formation of
single-species domains was much more frequent at early
than at late times, as the results of the simulations con-
firm.
IV. EXPANSION OF SINGLE-SPECIES
SPATIAL DOMAINS
If pPRS = 0 then the local cyclic competition is not
present and, therefore, all the empty sites are at the spa-
tial domains’ borders (the average density of individuals
being the same inside all the spatial domains). In this
case, the associated population dynamics has been shown
to be curvature driven, analogously to that of a wide va-
riety of material systems, including foam coarsening and
grain growth, with the characteristic size L of the spatial
domains growing proportionally to t1/2 [15]. If pPRS = 0
a circular interface of thickness
δ = Rout −Rin , (2)
has always a tendency to collapse because the average
number of predation interactions with the enemy part-
nership performed, per unit of time, by individuals of
the outer spatial domain — proportional to the external
radius Rout — is larger than those performed by indi-
viduals of the inner one — proportional to the internal
radius Rin (the interface thickness δ is a function of the
parameters p, m and r).
However, if pPRS > 0 this is not necessarily the case.
One-species spatial domains have a larger density of in-
dividuals than three-species spatial domains because the
density of individuals inside three-species spatial domains
is reduced due to local cyclic competition. Here, we shall
demonstrate that this effect may more than compensate
the impact of the spatial domain curvature, provided that
certain conditions are satisfied.
Consider a circular one-species spatial domain sur-
rounded by a three-species one. Let us denote the den-
sity of empty sites away from the borders in three-species
spatial domains by
ρ?⊗ = I?⊗/N . (3)
Note that in one-species spatial domains the correspond-
ing density of empty sites is equal to zero. If pPRS > 0
50
0.2
0.4
0.6
0.8
1
20 30 40 50 60 70
∆t = 1688↑ ∆t = 39028 ↑P
R
Figure 4: The probability P that the whole lattice becomes
dominated by the species 2 (initially confined to a circular
spatial domain of radius R) as a function of R, assuming that
p = 0.25, pPRS = 0.25 p, m = 0.5, r = 0.25. The results
for each R are taken from an average over 1000 simulations,
considering different initial conditions for the outer spatial
domain containing species 1, 3, 5. The critical radius, defined
by P (Rc) = 1/2 is approximately equal to Rc = 45 (grid
points). The left and right insert panels show two snapshots
of runs with initial radius R = 30 and R = 60, respectively.
The times required for the circle to collapse (left inset panels)
or to invade all the territory (right inset panels) are displayed
between snapshots (the lower and upper inset panels represent
the initial and final configurations).
then ρ?⊗ > 0 (the in-team predation in the outer three-
species spatial domain reduces the number of individu-
als available to compete with individuals of the enemy
partnership). In this case, the average number of preda-
tion interactions with the enemy partnership performed,
per unit of time, by individuals of the inner one-species
spatial domain is still proportional to Rin, but those per-
formed by individuals of the outer one-species spatial do-
mains becomes proportional to Rout(1 − ρ?⊗). One may
then define the critical radius as the value of
R = (Rout +Rin)/2 , (4)
for which the average rate of predation interactions with
the enemy partnership performed by individuals of the
inner one-species and the outer three-species spatial do-
mains are equal, that is
Rin = Rout(1− ρ?⊗) . (5)
The critical radius is then equal to
Rc =
δ
2
(
2
ρ?⊗
− 1
)
. (6)
If ρ?⊗  1 then Rc ∝ δ(ρ?⊗)−1. If R > Rc [Rin >
Rout(1 − ρ?⊗)] the effect of the larger density of individ-
uals in the inner one-species spatial domain is (on av-
erage) the dominant dynamical effect and the circular
spatial domain is expected to expand while if R < Rc
[Rin < Rout(1 − ρ?⊗)] the dynamics is (on average) cur-
vature dominated and the spatial domain is expected to
collapse.
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Figure 5: The critical radius Rc as a function of the density ρ?⊗
of empty sites in the outer spatial domain (top panel) and of
pRPS (bottom panel), assuming that p = 0.25, m = 0.5, and
r = 0.25. The best fits represent the power laws Rc ∝ (ρ?⊗)β2
and Rc ∝ pβ1PRS , with exponents β1 = −1.16 and β2 = −0.98,
respectively.
Figure 4 considers the collapse (left inset panels) or ex-
pansion (right inset panels) of a single-species spatial do-
main. It displays the probability P that the whole lattice
becomes dominated by the species 2 (initially confined
to a circular spatial domain of radius R) as a function
of R, assuming that p = 0.25, pPRS = 0.25 p, m = 0.5,
r = 0.25. The results for each R are taken from an av-
erage over 1000 simulations, considering different initial
conditions for the outer spatial domain containing species
{1, 3, 5}. The one-sigma uncertainty in the value of P ,
at each point, may be estimated as (P (1 − P )/1000)1/2
(with a maximum of 0.016 for P = 0.5). The critical
radius, defined by P (Rc) = 1/2 is approximately equal
to Rc = 45 (grid points). The left and right inset panels
show two snapshots of runs with initial radius R = 30 and
R = 60, respectively. The times required for the circle
to collapse (left inset panels) or to invade all the terri-
tory (right inset panels) are displayed between snapshots
(the lower and upper inset panels represent the initial
and final configurations).
Figure 5 shows the value of the critical radius as a
function of the density of empty sites ρ?⊗ in the outer spa-
tial domain (top panel) and of pRPS/p (bottom panel),
assuming that p = 0.25, m = 0.5, and r = 0.25. The best
fits represent the power laws Rc ∝ (ρ?⊗)β1 (top panel) and
Rc ∝ pβ2PRS (bottom panel), with exponents β1 = −1.16
and β2 = −0.98, respectively. The result obtained for β1
is in reasonable agreement with the analytical expression
in Eq. (6) which gives Rc ∝ (ρ?⊗)−1 for ρ?⊗  1. Note
6that since relative importance of the constant term in Eq.
(6) is smaller than 5% for ρ?⊗ < 0.1, it does not have a
strong effect on the scaling exponent given in Fig. 5 (top
panel). On the other hand, Eq. (6) with δ independent
of pPRS should be taken as as a rough approximation
valid for pPRS  1.
Given that the average density of empty sites in the
outer spatial domain is expected to be roughly propor-
tional to pPRS , β2 is also expected to be close to −1,
which is in agreement with our numerical results. Note
that the empty sites in the outer spatial domain are cre-
ated due to the cyclic competition between the three
species which populate that domain. An empty space
is created whenever a predation interaction occurs in the
outer spatial domain. Taking into account that preda-
tion is selected with probability pPRS , one expects the
average density of empty sites in the outer domain to be
roughly proportional to pPRS (an expectation that has
also been confirmed numerically).
V. SCALING LAWS
Empty sites appear in the simulations both due to the
mutual predation interactions between the enemy part-
nerships {1, 3, 5} and {2, 4, 6}, and as a consequence of
local cyclic predation interactions taking place mainly be-
tween spiral arms. The density of empty sites associated
to the interaction between enemy partnerships is given
by
ρ−⊗ = I−⊗/N , (7)
where I−⊗ is the total number of empty sites generated
at the borders of the spatial domains. The characteris-
tic length L of the spatial domains may be defined as
the ratio between area of the square lattice box and the
total interface length ` (L = `−1 if both L and ` are ex-
pressed in units of the length of the square box). Given
that the interface thickness is essentially fixed in the en-
tire grid, the total interface length ` is proportional to
the total number of empty sites at the borders of the
spatial domains I−⊗ . Hence L ∝ (I−⊗ )−1 ∝ (ρ−⊗)−1. To
distinguish the empty sites associated to predation in-
teractions between the enemy partnerships {1, 3, 5} and
{2, 4, 6} from the empty sites associated to local rock-
paper-scissors cyclic predation interactions, the four grid
sites surrounding each empty site are checked: if indi-
viduals of different partnerships are observed, the empty
space is assumed to be associated to the corresponding
interface separating enemy partnerships. Otherwise, the
empty site is assumed to be due to in-team predation
interactions.
Figure 6 shows the evolution of the density ρ−⊗ of
empty sites between the enemy partnership spatial do-
mains with the simulation time (or, equivalently, the
number of generations) for a model with p = 0.25,
m = 0.5, r = 0.25, and either pPRS = 0 (top panel),
pPRS = 0.25p (middle panel) or pPRS = p (bottom
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Figure 6: Evolution of the density ρ−⊗ of empty sites be-
tween the enemy partnership spatial domains as a function
of the simulation time (or, equivalently, the number of gen-
erations) assuming that p = 0.25, m = 0.5, r = 0.25, and
either pPRS = 0 (top panel), pPRS = 0.25p (middle panel) or
pPRS = p (bottom panel). Both the points and the scaling
exponents were obtained from an average over a set of 100
realizations with different initial conditions. The empty sites
between spiral arms inside the spatial domains have not been
considered in this analysis.
panel). Figure 6 also displays the scaling exponents α,
defined by ρ−⊗ ∝ tα, associated to two distinct dynam-
ical stages. Both the points and the scaling exponents
were obtained from an average over a set of 100 simula-
tions with different initial conditions. The time intervals
[t1, t2] = [800, 8000] and [t2, t3] = [8000, 250000] were
used to compute the two exponents (the initial stages of
the simulation were discarded in this computation). Two
different straight lines of the form ln ρ−⊗ = α ln t + C,
where α and C are real parameters, were fit to the data
in the time intervals [t1, t2] and [t2, t3], respectively. The
corresponding scaling exponents α were determined with
a χ2 minimization in (ln t, ln ρ−⊗) space. For pPRS = 0
both exponents, computed using these time intervals, are
within 5% of the analytical expectation (α = −1/2) for
a curvature dominated population dynamics. In order to
70.001
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Figure 7: The density ρ−⊗ of empty sites between enemy part-
nership spatial domains as a function of the simulation time
(or, equivalently, the number of generations) for a single re-
alization, assuming that p = 0.25, m = 0.5, r = 0.25, and
pPRS = p.
test the robustness of our results with respect to such
splitting, we have also computed the exponents consid-
ering time intervals in which t1 and t3 were held fixed
and t2 was taken as a free parameter. The parameter
t2 has been computed, in each case, with the same χ2
minimization described before — in this case considering
the time interval [t1, t3] and including t2 as an extra pa-
rameter (the corresponding time intervals being [t1, t2] =
[800, 4980] and [t2, t3] = [4980, 250000] for pPRS/p = 1,
and [t1, t2] = [800, 19443] and [t2, t3] = [19443, 250000]
for pPRS/p = 0.25). The change in the value of the ex-
ponents was found to be less than 5%.
As expected, if pPRS = 0 both scaling exponents are
close to −0.5 which is the result expected if the dynamics
is curvature dominated. This is indeed the case since for
pPRS = 0 the model is equivalent to a two species May-
Leonard model having mutual predation with probability
p (see, for example, [24]). However, for pPRS = 0.25 p
(middle panel) or pPRS = p (bottom panel) the two
scaling exponents are quite different, the later one be-
ing again close to the α = −0.5 regime usually associ-
ated to a curvature dominated dynamics. In this case,
however, due to the emergence of single-species spatial
domains the dynamics is never fully dominated by cur-
vature even in the α ∼ −0.5 regime. What the scaling
results show is that, in this regime, the average impact
of the single-species spatial domains on the evolution of
the characteristic length scale L is small.
Figure 6 shows that the L ∝ t1/2 regime is preceded by
a slower evolution stage where the scaling exponent de-
parts significantly from −0.5, (α = −0.36 and α = −0.31,
for pprs = 0.25 p and pprs = p, respectively). In this
phase, the higher pRPS is the more the scaling expo-
nent deviates from −0.5, which results in an extended
period of coexistence. Also note that sharp variations on
the evolution ρ−⊗ associated with the expansion of single-
species spatial domains are averaged out in Fig. 6 but
are expected to be present in any single realization of our
model.
Figure 7 depicts the density of empty sites between
enemy partnership spatial domains for the single realiza-
tion shown in Fig. 2. The positive variations of ρ−⊗ in Fig.
7 are associated to the expansion of single-species spatial
domains occurring between the time intervals [t4, t6] and
[t7, t8], depicted in the corresponding snapshots shown in
Fig. 2.
VI. CONCLUSIONS
In this paper we investigated the formation and sub-
sequent growth of single-species spatial domains in six-
species class of May-Leonard models. These models nat-
urally lead to the formation of spatial patterns with two
types of spatial domains containing individuals from two
different three-species partnerships. On the other hand,
the cyclic predation within each partnership is respon-
sible for the spiral waves observed inside each of these
two types of spatial domains. We have shown, using
square lattice simulations, that single-species spatial do-
mains may be formed during the final stages of the col-
lapse of three-species spatial domains and expand un-
til they intersect a three-species spatial domain of the
same partnership. We have investigated the conditions
under which spherical spatial domains are able to grow,
using both analytical arguments and numerical simula-
tions, showing that there is a critical initial radius be-
yond which spherically symmetric spatial domains are
expected to expand. We have investigated the corre-
sponding impact on the average time evolution of the
characteristic length scale of the spatial domains, iden-
tifying two different scaling regimes: a transient scaling
regime, with a slower growth rate of the characteristic
length scale L, takes place before the transition to a stan-
dard L ∝ t1/2 scaling law, resulting in an extended period
of coexistence.
It is worth noticing that in previous work two differ-
ent models, closely related to the one investigated in the
present paper, have been investigated. The model consid-
ered in ref. [23] is similar to the one studied here, except
for the inclusion of a unidirectional predation interac-
tion, rather than a bidirectional one, between species i
and i + 1. This leads to a completely different dynami-
cal behaviour in which the evolution is never curvature
dominated (the evolution does not follow the standard
L ∝ t1/2 scaling law usually associated with a curva-
ture dominated dynamics — note that the authors of
ref. [23] have misidentified their model as being similar
to the model V investigated in ref. [15]). Unlike in our
model, in the model presented in ref. [23] an individ-
ual from the species i is not able to select an individ-
ual from the species i − 1. As a consequence, in that
model large-scale coherent fluctuations of the interfaces
may arise due to successive spiral wave fronts. This is
in sharp contrast with the case studied in the present
paper in which spiral waves cannot cross the interfaces
between enemy partnerships spatial domains thus lead-
ing to much more localized fluctuations of the interfaces.
On the other hand, in the model V studied in ref. [15]
8the bidirectional predation interactions between species
i and i + 3, which are present in the model studied in
the present paper, are suppressed. In this case the im-
pact on the dynamics is less significant (in comparison
with that arising in the model considered in ref. [23]).
Still, the fact that the species of one partnership do not
have predation interactions with all the species of the
enemy partnership leads to the development of dynam-
ical structures along the spatial domain interfaces and
to the invasion of one-species spatial domains by neutral
individuals of the enemy partnership. Hence, although
the main effect which is responsible for the expansion of
single-species spatial domains (the larger density of indi-
viduals in single-species compared to three-species spa-
tial domains) is also present in the models studied in refs.
[15, 23], this effect is overshadowed by a more complex
dynamics which prevents the growth of single-species spa-
tial domains in those models.
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